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PROVISIONAL SPECIFICATION 

Improvements in and relating to Radio Aerials 

modification of physical! structure which, 
may, according to the invention, "be intro- 
duced may comprise the provision of a 60 
gap in the element at the mid-point of its 
length, or the insertion at that point of 
switch means wherebv such a gap may he 
opened or closed at the will of the 
operator. 55 

The feeder connections which ma? be 
employed, according to the invention, 
with any of the abovementioned folded- 
•element aerials (whether or not provided 
with a mid-point gap, and whether or not GO 
having switch means if such a gap is pro- 
vided) comprise tuned feeder means, or 
matched feeder means or both. The 
matched feeder means may be of fixed 
type, suitably selected and designed for 66 
operation of the aerial system at one pre- 
arranged frequency ; or may be of vari 
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I, CHAKLES ArJULlSTOKlt Tivian Heatii- 
cote, of 105, The Grove, Ealing, TY\5, a 
British subject, do hereby declare the 
nature of this invention to be as 
follows : — 

This invention relates lo radio aerials, 
and more especially to aerials used for 
the transmission and /or reception of 
radio signals employing carriers of 
medium, high or very high frequency. 

The object of the invention is twofold. 
Firstly to provide with comparable per- 
formance and efficiency, an aerial 
occupying substantially fless space than 
that required' by a normal doublet or 
other half wave system. Secondly, to pro- 
vide an aerial having a reasonably uni- 
form response over a comparatively wide 
band of frequencies, being cheap and 
robust in construction and of compact size 
and shape. For these purposes the inven- 
tion contemplates the use of an arrange- 
ment incorporating an aerial in the form 
of a folded element- 
According to the invention a radio 
aeriai system comprises a. folded element 
embodying modification of its physical 
structure and/ or selected feeder connec- 
tions and /or a method or methods of feed 
between the element and the transmitter 
or receiver with which it operates, where- 
by the band of frequencies to which it can 
be responsive (within a pre-selected 
degree of power loss to be tolerated) is 
greatly increased as compared with a 
folded element of the same dimensions 
which does not incorporate such features. 

In' its preferred form the ends of the 
aerial element are folded in towards one 
another bo that the aerial assumes a 
narrow rectangular shape. When folded 
it may be nearly a quarter wave long at 
the fundamental frequency. It may be 
located in a substantially Vertical plane, 
with its greater dimension either vertical 
or horizontal, or it may be located in a 
..Lonzontal plane. The* abovementioned 
[Price 2/8] 
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able type, e.g. switching means selec- 
tively connecting the element to any one 
of several matched feeding arrangements, 
allowing the aerial system to operate at 
or near any one of a plurality of pre- 
selected spot frequencies, preferably at 
comparatively widely spaced intervals. 
The tuned feeder arrangements contem- 
plated may be of any convenient, form 
having (with or without switch means) 
fixed, pre-set or continuously variable 
tuning over the band or a part or parts of 
the band of frequencies in which it ip 80 
desired that the aerial system shall 
operate when incorporating tuned feeders 
of this character. 

It can be shown that a folded element 
unbroken from end to end, and having an 85 
unfolded length of substantially half a 
wave length at its natural or fundamental 
frequency of / cycles per second can be 
adapted, by suitable incorporation of 
feeder means such as indicated above, to 
operate over a range of / to 3f cycles per 
second, and that a similar element pro- 
vided with a, gap at mid-point, and com- 
bined with such feeder means, can be 
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arranged to operate at / and over a range 
of 3/ to 5/ cycles per second, the maxi- 
mmn loss being* in no case greater than 
approximately 2 decibels. When the ele- 
ment is provided with switch means to 
close its mid-point gap the advantages of 
both arrangements are available to the 
operator at will, and accordingly a simple 
aerial system is provided having* on oper- 
ative— frecptency— rimge-of--/— tG-5/-eyeles— 
per. second. . . 

Throughout the range / to 4/ radiation 
characteristics akin or similar in type to 
those of a half wave dipole (i.e. bilobular 
horizontal radiation if horizontally polar- 
ised, circular if vertically polarised^ are 
maintained. Between 4/ and of minor 
side4obes appear. 

Greater frequency ranges, yielding- 
multi-lobular patterns at frequencies 
beyond 5/, are also obtainable within the 
limits of feeder efficiency. 

The invention further contemplates 
arrangements of a plurality of aerial sys- 
tems such as indicated above, suitably 
orientated and interconnec ted, or one or 
more such aerial systems in combination 
with suitable director and /or reflector 
means, adapted to provide directional 
characteristics, and, if desired, provided 
with means "for selectively varying- the 
directivity of the array at will. 

The nature of the invention will be 
clearly understood from the following de- 
35 seription of various forms (given, how- 
ever, merely by way of example) which 
it may assume. 

Jn carrying the invention into effect in 
one convenient manner an aerial system 
40 may comprise an element of wire or tube 
or other conductor with its ends turned 
bact to form a narrow rectangle of length 
nearly a qua rt.er-wave at the fundamental 
frequency. The total -unfolded loop length 
45 L of tbe element is selected in accordanc e 
with the fundamental frequency of the 
aerial desired, from the approximate 
forniula 

480 

L- , 

/ 

50 where 1/ is measured in feet, and / is the 
frequencv in megacycles per second. The 
tips of the inturned ends of the element 
approach on* another closely and consti- 
tute the feed point. The spacing or 

55 smaller dimension of the loop or rect- 
angle (which has substantial influence on 
the frequency, tending to lower the fre- 
quency when increased"* is preferably de- 
termined experimentally. In some cases 

60 this spacing mav be of the order of one 
fiftieth of the total loop length. 

A rectangle loop of tbe aforementioned 



character may be supported at a suitable 
level above the ground with its longer di- 
3nension either vertical or horizontal, 65 
according to the polarisation of the sig- 
nals being transmitted and/ or received, 
and in the latter case with the loop in 
either a horizontal or a vertical plane. 
The free ends of the element are con- 70 
nected to matching units, e.g. stub-. 

hnuped-eircui t-. transformer-, or other 

convenient matching means, one such 
unit being provided if the aerial is to 
operate- at one frequency, or a plurality of 75 
such units interconnected by switch 
means allowing- an operator to select any 
one or connect two or more together, e.g. 
in series, when desired and thereby 
adjust the operating frequency to anyone 80 
of several fixed spot frequencies of opera- 
tion. Arrangements for matched feeder 
operation at one or more frequencies plus 
tuned feeder technique for general cover- 
age purposes may be incorporated if 85 
desired. The aerial assembly may be con- 
nected to its transmitter or receiver by 
parallel leads, coaxial cable or any other 
convenient means. 

In a modified form of the invention 00 
the aerial element and its associated 
matching units and connecting means are 
substantially as described above except 
that at the "mid-point of the central por- 
tion of the element there is provided a ^ap 95 
electrically separating the element into 
two halves. 

In yet another form of the invention 
switch means are provided in the aerial 
gap described in the next preceding para- 100 
»raph. allowing an operator at will to 
open or close the gap. The other arrange- 
ments of the system remain unchanged. 

In further modifications of the inven- 
tion any of the forms described may be 105 
provided with tuned feeder means of any 
convenient form. These may comprise, 
for example, a balanced open-wire reson- 
ant line formed of polythene-covered con- 
ductors, preferably erected in strained 110 
suspension to minimise the number of 
spreaders required At very- high fre- 
quencies variation of feeder length by 
means of *' trombone " tuning adjust- 
ments would reduce losses and greatly H5 
simplify the feeder tuning and coupling 
circuits.. Any other convenient tuned 
feeder systems may alternatively or addi- 
tionally~ ba employed, selected and di- 
mensioned according to the operation con- 120 
ditions and frequency range. 

Any of the forms of the invention de- 
scribed may be further modified by fold- 
ing the aerial dement in loops of other 
shapes than rectangular. Thus for ex- 126 
ample the turns at the ends of the loop 
may be semi-circular or sharp-tume«l 
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" points/' or tlie element may be shaped 
as a triangle, double-tri angle, diamond or 
parallelogram with it3 feed points usually 
at an apex. Some such variations of shape 
5 are more convenient, or may be assumed 
if it is desired to increase or vary the 
spacing of the centre of the loop, a pro- 
cess which tends to widen the frequency 
range of the aerial by extending the low 

10 frequency limit. 

WQien-tubiicg^s-nsed^or^her^leinent-it- 
may be convenient (e.g. in order to save 
space and render the aerial compact) for 
the Heads from the feed points of the ele- 

io ment to pass through o-pertures in the 
end, side or side* of one or more parts 
of the tube and extend through the in- 
terior thereof, beinar appropriately insul- 
ated therefrom. 

20 . According to a further feature of the 
inventiun an aerial system of any of the 
above described kinds may be combined 
with reflector means, (e.g. a flat type, a 
rotational, sectional or cylindrical para- 

25 bolic type, a corner type, a conical, bi- 
conical, sectoral or pyramidal horn type 
or other or like reflector of sheet, gauze, 
netting, gridded or " fishbone " construc- 
tion), or with one or more directly or 

30 parasitically excited elements in the form 
of director and /or reflector elements, to 
provide directional sensitivity. Alterna- 
tively two more assemblies .aforesaid may 
be combined in appropriate orientation to 

35 Provide an array with multi-directional 
characteristics. The reflector and/or other 
elements may be partially or wholly of 
metal 4 

For arrangements comprising a re- 

40 flector of sheet, gauz*, netting, gridded or 
" fishbone " construction of any type the 
spacing of the aerial element therefrom 
may be variable. In any arrangement 
there may be accommodated with the 

45 aerial element such parasitic director 
and/ or reflector elements as may be 
desired. Furthermore where a corner re- 
flector is used the relative angular dis- 
position of the walls forming tbe reflector 

50 may be variable. 

In one convenient arrangement of a 
iffurality of the above described aerial 
systems to provide a multi-directional 
array two aerial elements with their 

56 larger dimensions horizontal and the 
loops preferably in a vertical plane are 
crossed at right angles to one another, 
running to a, central switch means at 
their mid-points and fed by a 4-wire 

60 tuned feeder, one loop being connected 
across two diagonal feeder wires. A separ- 
ate cable to the switch means allow either 
or both loops to be open- or close-circuited 
at will or continuously, in order to bring 

°& one or more or both olements into opera- 



tion as desired. The switch means may, 
for example, comprise two separate 
relay-operated switches, .and the operat- 
ing cable thereto may lead to a rotary or 
other convenient switch allowing either 70 
or both to be operated as desired. Appro- 
priate arrangements of the feeder con- 
nections are made to ensure desired phase 
relationships between the .aerial systems 
and it will be seen that by appropriate 75 

-aiTragemcmt^of^^^ 

and the connections thereto the array may 
be rendered sensitive in any one or more 
of eight directions separated by 45° in- 
tervals. The 4-wire feeder selector Bwitch 8(1 
means may be installed near the operator 
or located immediately beneath or near to 
the elements for remote operation from 
tlie ground, the latter arrangement per- 
mitting the use of a 2-wire or other 85 
nomal type of feeder between the ground 
and the selector switch means. 

It is a yet further feature of the in- 
vention to employ an arrangement of a 
plurality of aerials as described herein DO 
arrayed and operated as above described 
in order to obtain directional effects. 
Jnirther, two-wire feeders may be em- 
ployed, one connected to each apex of two 
V-arranged elements, instead of the four- 
wire feeder abovementioned. Theflimbs of 
the V-arranged elements need not neces- 
sarily be at right-angles to one another 
and the selector switch, if installed, may 
be located immediately beneath or near 
to the elements for remote operation from 
tne ground. Such an array lends itself 
to incorporation of the tuned and /on 

described. ^ fceClmiqU ^ z**™ 
In one convenient arrangement accord- 
ing to the invention for directional sensi- 
tivity provided by a plurality of folded 
elements .as hereinbefore described, two 
sucn loops may be suitably spaced behind 110 
one another and parallel to one another 
each element being in either a horizontal 
or vertical plane. The corresponding feed 
points of the two elements may be con- 
nected together and the feeder lines 115 
attached to suitable points (e.g. the mid- 
points) of these connector leads. If 
desired the conector lines to one element 
may be crossed to provide anti-phase 
operation. Alternatively two or more ele- 120 
mente may be arranged in co-linear, 
broadside or end-fire arrays or stacking, 
or any combinations of such arrange- 
ments may be employed. Further any 
such arrangement inay have combined 12-5 
therewith- reflector means, and /or re- 
flector and /or director elements operat- 
ing m any known manner, e.g. driven 
non-resonant or self-excited. ' 
In each of the ahovementioned arrays 130 
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each, parasitic element is preferably con- 
nected to switch-controiled stub systems 
or other circuit arrangements designed to 
provide in those elements current distri- 
5 bution akin to that in the driven element 
on a selected frequency or hand of fre- 
quencies, and appropriate phase relation- 
ship of operation is secured by suitable 
ad justm ent o f these conn ected systems. 
10 "The various elements may be-arranged-to-- 
operate in different manners at different 
frequencies or ranges of frequency tor 
which the array is to be used. Where an 
array comprising a plurality of elements 
is emploved the elements may conveni- 
ently be mounted on a boom which may 
ailso carrv the stub switching relays, and 
the light tubular or other stubs may be 
accommodated between the elements by 
suitable folding. Alternatively adjustable 
lumped circuits may be employed in 
place of . or in partial replacement ot, the 
stubs. , T 

In all amivs envisaged suitable means 
are preferably taken to render the relays, 
circuit arrangements and connections 
proof against deterioration from weather 
and other effects. . 

In a further mollification of the inven- 
tion applicable to any of the arrange- 
ments herein described each eiement (or 
one or more of them, where a plurality 
are employed in combination), instead ot 
being comprised of one loop, may be con- 
structed from a plurality of loops and/or 
folded formations, preierably parallel to 
one another and suitably spaced apart, 
thus providing, in each element so 
treated, a multi-wire aerial. Such niulti- 
wire construction covers various types 
and formations, both closed and open- 

^Aerials comprising elements twisted 
into two or more turns, ot transposed 
45 loops, are also contemplated m accord- 
ance with the invention. 

Further, in any arrangement described 
the elements and /or conductor leads may 
be of uniform diameters throughout their 
Ien«-th. or may differ in diameter from 
one" another and ' or vary in diameter 
along their length. JAke variations of 
overall cross-section in element and /or 
conductor arrangements may similarly be 
emploved. As previously mentioned with 
regard to parasitic arrays, switch means 
may be provided with multi-wire aerials 
to allow change-over, as desired, from one 
form of multi-wire operation to another. 

According to a further feature of the 
invention any of the types of aerial above 
described mav be rendered more compact, 
(and suitable where only limited space is 
available to accommodate it) by turning 
65 down or in, or by twisting, winding or 
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multiple folding of the turns of the loop 
or of each loop thereof. Such winding, 
twisting- or folding is preferably effected 
as non-reactively as possible. Further any 
of the aforesaid types of aerial may be 70 
loaded or inherently tuned to any pre- 
arranged frequency or frequencies as 
desired, e.g. by inserting a capacity and/ 
or inductance or suitable lumped circuits 
-afc-the-ni-id-poi^ 

the connecting terminals of the element. 
Further such loading ot tuning may bv 
designed to take effect at certain fre- 
quencies without causing undue detri- 
ment to the performance of the aerial at 80 
others. 

Any convenient type of feeding lme 
may be used with" any of the aerial" 
arrangements described, for example, in 
some cases ribbon or webbed type feeders 85 
are suitable for the construction of the 
aerial loop and/ or feeder purposes. 
Feeder screening may be employed if. 
desired. 

Where Tuned feeds are employed, the 90 
circuits or '* matching unit " used with 
any of the above described aerial system? 
may be arranged inter folia to tune the 
aerial and feeder system to the desired 
frequency or band of frequencies; to en* 95 
sure adequate coupling for energy 
transfer to or from the associated equip- 
ment, and to match the input or output 
circuit of such equipment. 

One convenient arrangement may com-^OQ 
prise, connected to each feeder terminal a 
variable condenser, (these two condensers 
being ganged), and connected between the 
opposite plates of the condensers a circuit 
comprising a variable capacity in parallel 105 
with an inductance winding, earthed at 
its centre point, and inductively coupled 
to another winding receiving* power. Such 
an arrangement provides for series and/ 
or parallel tuninir. In an alternative no 
arrangement catering for both tuned and 
matched feeders, the feeder terminals are 
connected to the inductance winding by 
a balanced low-pass filter or network com- 
prising an inductance between each ter-115 
minal and the corresponding* end of the 
winding, and variable capacities con- 
nected between the corresponding ends 
of these inductances. All such induct- 
ances are preferably variable by any suit- 120 
able means, e.g. being of plug -in type, or 
separately switched, or progressively 
shorted by a series of taps. Either 
arrangement 'or modification thereof) 
may be coupled (e.g. by variable links or 125 
tappings) to a transformer, autotrons- 
fornier, line or other device matching the 
impedance of the equipment to which it 
is connected. An electrostatic shield may 
be provided between the transformer 1^0 
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winding's , which may conveniently be 
located in the housing of the complete 
matching- unit. 

If desired means may be provided for 
5 switching the coupling" line from the 
aerial side of the matching 1 transformer 
or other device direct to the feeders, thus 
bye-passing- the tuning circuits and per- 
mitting the use of matched feeders be- 
10— tween-the^aerial-sy&t^ 

device. Alternatively the tuning circuits 
may be retained using matched feeders if 
the leads from the feeder terminals are 
suitably tapped into, or otherwise 
15 properly coupled to, the parallel tuned 
inductance. In such a case the ganged 
condenser in series with each terminal 
lead may be left in or out of circuit, as 
desired. 

20 If desired any known forms and varia- 
tions of circuits or arrangements func- 
tioning suitably for the purpose or in a 
. similar manner to the above described 
matching units may alternatively or addi- 

2f> tionailly be employed. Thus split stator or 
series gap condensers may be used across 
the lines between the feeder tenninals 
and the ends of the inductance winding 
connected thereto; and /or .a single con- 

30 denser in place of the two ganged con- 
densers separately connected to the feeder 
terminals. This single condenser may be. 
left in series with the lead from a feeder 
terminal, or connected at the centre of, 

35 and in series with, the parallel' tuned in- 
ductance. In the latler method the coil 
should be given the equivalent of an 
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earthed centre tap. 

In place of continuously variable 
tuning (normally involving two paneDj 40 
controls), plug-in pre-tuned circuit units 
or switch means selectively connected to 
pre-tuned coils or circuits suitable for 
each handling' one of a series of selected 
wave-bands or spot frequencies may be 45 
provided. Simplified tuning by trimmer 

~meiins,-e T ^-a^sing4e-vuri^ble_paneL-con^ 

trol, may, if desired, be provided fort 
greater efficiency. 

Any of the aerial element .arrange- 
ments described above may, if desired, be 
suitably mounted jfor rotation about a 
vertical axis in order to take advantage 
of directional characteristics to transmit 
or receive signals at maximum strength. 55 
to or from any desired direction and to 
reduce or exclude signals to or from other 
directions. 

It should be understood that the in- 
vention is not restricted solely to the con- 60 
struction-al details of the various forms 
described above since modifications 
thereof may be introduced as they become 
desirable in order to carry the invention 
into effect under different conditions and 55 
requirements encountered, without depart- 
ing in any way from the scope of the 
invention. 

Dated this 24th day of December, 1947. 
W. H. BECK &.CO., 
Chartered Patent Agents, 
Morley House, 26—23, Holbarn Yiaduct, 
London, E.C.I. 



COMPLETE SPECIFICATION 
Improvements in and relating to Radio Aerials 



I, Cmj&uss Alexander Yiviait Heath- 

70 com, of 26, Bracken Gardens, Barnes, 
London S.TV.13, formerly of 105, The 
Grove, Ealing, London, W .5, a British 
subject, do hereby declare the nature of 
tins invention and in -what manner the 

75 same is to be performed, to be particu- 
larly described and ascertained in and by 
the following statement: — 

This invention relates to radio aerial ! 
systems, and more especially to aerial 

80 systems used for the transmission and /or 
reception of radio signals on medium, 
high or very high frequency radiation. 

One object of this invention is to pro- 
vide with comparable performance and 

86 efficiency, an aerial system in which the 
aerial element occupies substantially less 
space, i.e. has a shorter main dimension 
than that required by a normal doublet 
or other half wave system. Another object 

90 is to provide an aerial pystem having* a 



sensitive and reasonably uniform re- 
sponse at any selected frequency within 
the range of frequencies over which it is 
tunable being simple, cheap and robust in 
construction and of compact size and 95 
shape. For these purposes the invention 
contemplates the use of an arrangement 
incorporating an aerial element of folded 
form. 

It has been shown previously, see for 100 
example " Electronics " January, 1940, 
pages 26 and 27 and Specifications Nos' 
588,044 and 528,817, tint aerial elements 
in the form of elongated loops are capable 
of resonating in various modes in par- 'l05 
ticular at / and at multiples of / where 
2/ is the frequency at which the length of 
the elongated loop is substantially one 
half wave length. WOiiife it has been a 
common practice, in for example Tagi 110 
aerials, to use such loops at frequencies 
of 2/ and while it has also, been proposed 
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in Specification No. 588,044 to operate at. 
frequencies down to about 1.6/, using 
feeders matched at frequency 2/ and 
accepting the inevitable mismatch below 
5 these frequencies, there has, as far as 1 
am aware, never been used an aerial sys- 
tem incorporating an elongated loop 
aerial in which the impedance presented 
__froin-jfch£LjdkfiPtioii of the aerial to the 
10 circuit for coupling or connecting tne sys- 
tem to a signal translating device can be 
made substantially purely resistive at any 
frequency substantially less than the fre- 
quency at which the aerial element 
15 behaves as a half wave folded dipole In 
fact it has been suggested (see Specifica- 
tion No. 528.S17) that the high feed point 
impedance of a loop at the resonant fre- 
quency / makes the use of such a loop at 
20 this f requency impracticable. 

According to the present invention 
there is provided a radio aerial system 
comprising a length or lengths of con- 
ductor folded to form an aerial element 
25 comprising at least one elongated loop, a 
circuit provided with means for coupling 
or connecting said circuit to a signal 
translating device and connecting means 
for connecting said aerial element to said 
30 circuit, said connecting means being 
adapted to render the impedance, pre- 
sented to said circuit from the direction 
of said aerial element, substantially 
imrely resistive when the aerial element 
35 carries standing^ ave currents of fre- 
quency substantially less than the iie- 
quencv 2f, where 2/ is the frequency at 
which" the said aerial element behaves as 
a half -wave folded-dipole. 
4A While a simple form of radio aerial 
system in accordance with the present in- 
vention may have a connecting means 
adapted to * render said impedance sub- 
stantially purely resistive at only a single 
45 frequency substantially less than the half 
wave frequency 2/, I may also provide 
systems which are operable at one or more 
frequencies in addition to the said fre- 
quency. Thus I may provide a radio aerial 
50 svstem in which the connecting means is 
adapted to render the said iinpedance^sub- 
staiftially purely resistive not .only atone 
freciueneV substantially less than the half 
wave frequency 2/ but also at one or more 
55 additional frequencies some or ■ nil oi 
which may be less than or greater Jflian 
the said one frequency. As will appear 
hereinafter, the additional frequency or 
frequencies may lie anywhere m tne 
60 range of from 0.5/ to 3/ when the loop is 
a closed loop, while when the loop has a 
ff ap substantially opposite the position at 
which said connecting means is 3 omeu 
thereto the additional frequency or ±re- 
65 quencies may lie anywhere m the range 



of from 3/ to of. As will also appear here- 
after, a system incorporating an aerial 
element provided with such a gap may be 
arranged to be operable at any frequency 
in the range of 3/ to 5/ as well as at f re- 70 
queney /. . . 

It will be appreciated that within the 
given ranges of frequency, the radio 
aer ial svstem c a n be arranged, to be oper- 
"able at "a plurality of frequencies or over 75 
one or more continuous bands of 
frequency. 

In its preferred form the aerial element 
employed in the invention assumes a 
narrow rectangular or electrically sub- 80 
stantially equivalent shape. It may be 
approximately a quarter wave lon# at it* 
fundamental "resomint frequency, /. It 
may "be located in any desired plane, e.g. 
with its greater dimension either vertical 85 
or horizontal. 

The aerial element may be provided, 
substantially opposite the position (feed 
point) at which the said connecting: means 
is joined thereto, with a gap, and strap or 90 
switch means may be provided whereby 
the gap may be opened or closed at the 
will of the operator. The spacing: between 
the parts of the folded conductor or con- 
ductors may be variable. 95 

It can be shown that an aerial element 
in the form of an elongated loop, un- 
broken from end to end, and having a 
total unfolded length (that is to say 
measured round theloopj of substantially 100 
half a wave length at frequency J kilo- 
cycles per second can be adapted, in com- 
bination with a circuit and a connecting 
means as specified above, to operate at 
any desired frequency or frequencies over jri* 
the range of / to 3/ kilo-cycles per second, 
and that a similar aerial element pro- 
vided with a gap substantially opposite 
the position at which the connecting 
means is joined thereto, can be arranged ] io 
to operate at or near frequency / and 
over a range of 3/ to 5/ kilo-cycles per 
second, the maximum loss in comparison 
with a' half-wave dipole being at no fre- 
quency greater than about ~I to 3 ileci- 115 
bcls. "When the element is provided with 
switch means to close its mid-point gap 
the advantages of both arrangements are 
available to the operator at will, and 
accordingly a simple aerial system is pro- 120 
vided having an operative frequency 
range of / to 5/ kilo-cycles per second 
with loss not nt any frequency within 
that range exceeding about 2 to 3 deci- 
bels. Thi* figure for maximum loss 125 
assumes horizontal polarisation and 
negligible losses in the connecting means. 
"With vertical polarUntiou the maximum 
loss is more depi-nd^ui upon the heighl 
of the aerial and nature of the gronnrl. 130 
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and thus may exceed tins amount under 
certain conditions. 

Throughout the range / to 4/ Irilo- 
cycles per second radiation character- 
li- °? J J!^ 1 * Jj » those oi a half wave 
dipole (i.e, hilobular horizontal radiation 
if horizontally polarised, substantially 
circular if vertically polarised) are main- 
tamed with the aerial in its preferred 
_.lu._iorjn.^twee 

side-lobes usually appear for horizontal 
polarisation, their nature and magnitude 
depending upon the aerial element shape 
employed. 1 

15 Frequencies below / may be handled at 
greater losses. 

The invention further contemplates 
arrangements of a plurality of aerial sys- 
terns such as indicated above, suitably 

W orientated and inter-connected, or one o'r 
more such aerial systems in combination 
with suitaMo director and /or reflector 
means adapted to provide directional 
characteristics, and, i{ desired, provided 

Zo with means for selectively varying the 
directivity of the array at will. * 

Ihe invention will be clearly under- 
stood from the following- description of 
various forms (given, however, merely bv 

3() way of example; which it may assume, 
Ml J^J i* 50 * 1 ^ 0 * ™U be more readily 
followed by reference to the accompany- 

i ng drawings wherein : 

Fijrures 1—3 represent diagrammatic- 

35 ally various forms of the invention. 

^lgTir® f shows in greater detail typical 
tuned f eeder arrangements and adapting 
circuit m the form of the invention shown 
2U ifigure 3, 

40 Figure 5 represents a form of tunable 
lumped circuit matching unit or feeder 
tumng network incorporating: features 
alternative to, or in modification of, those 
shown in Figure 4; 

45 • Figures 6_12 represent various alter! 

^n?£^ P f*°K aerio1 elei5A ents which! 
may be used in the invention - 

Figure 13 represents an embodiment of 
the invention which provides for opera- 
50 tion at preselected spot frequencies- 

vJt^'oT ^V 1 ? represent forms of 
vertical aerial elements which may bo 
used in the invention; 

^ tiJEff ttTe 18 r ?P res . eilt s a variable direc- 
5o t onal array of aerial elements to which 
Ihe invention may be applied : 

the array shown m Figure 18 to explain 
its directional characteristics; 1 
GO Figure 2D shows the functions of a 
feeder switch for use with the arrav 
sho*m m Figure IB to select the direction 
of operation of the array 

Figures 21 and 22 represent further 
Co arrays to which -he invention may be 



applied illustrating application of the 
aerial to broadside and end-fire arravs 
respectively; * J 

Figures 23 and 24 represent a comer- 
reflector arrangement to which the inven- 70 
tion may be .applied ; 

Figures 25 and 26 represent arrays to 
which the invention may be applied, em- 
bodying parasitic elements to provide 
-diree^iv^ 

switched phasing arrangements for a 
parasitic element; 

Figures 27—32 represent in expanded 
iorni for clarity of illustration, examples 
or elements of multi-wire construction to 80 
which elements the invention may be 
applied, more especially where it is 
desired to raise or alter the feed point 
impedance or improve the bandwidth 
IKiiticularly at frequency /; 86 

Figure 33 represents an element associ- 
ated with a parabolic reflector: 

Figures 34—39 and 40 (a), (b), (c) and 
(a) represent alternative shapes of the 
aerial element and details thereof which 90 
may, for different reasons, be employed 
in the invention; 

Figures 41 and 42 represent, in circuit 
diagram, various forms of coupling cir- 
cuit and impedance adapting means 95 
which may be employed in the invention; 
and 9 

Figures 43 and 44 represent in simpli- 
fied form antenna loading arrangements 
which may be employed in the inven- 100 
tion. 

It is well known that an unfolded half 
wave dipole suitable for a frequency of 
2/ kilo-cycles per second can be arranged 
to operate at a frequency of / kcs. /sev. bv 10* 
loading the dipole (e.g. by incorporation 
of one or more suitable inductances),, or 
by associating with the dipole a, tuned 
feeder system. Neither of these modifica- 
tions is entirely satisfactory, however. A 1 It) 
loaded dipole is not readily adjustable in 
operational frequency, particularly over 
a continuous ran«*e. and the use of a; 
tuned feeder leads to inefficient opera- 
tion at the lower frequencies, where the 115 
larger .aerial currents in the vicinity of 
the current antinode are transferred from 
the aerial proper to the feeder line or to 
the coupling arrangements causing a 
marked drop in sensitivity. 120 

Where, however, the connecting means 
used in the radio aerial system of the 
present invention includes a tuned feeder 
the resultant aeriail current distribution 
is not modified so seriously at the lower 125 
frequency, since with this arrangement 
(which incorporates an elongated loop 
aerial of similar peripheral length) a cur- 
rent antinode is returned in the aerial ele- 
ment and the attenuation at / in com- 130 
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parison with that of tlie aforesaid un- 
folded baiifwave dipole is in consequence 
considerably reduced. Further, the tuned 
feeder may' bet provided with an adapting' 
5 circuit whereby the connecting means 
(i.e. tuned feeder plus adapting circuit; 
inay he- controlled to render the imped- 
ance presented to my said coupling or 
-connecting^cir^ 



10 resistive at any of a wide range of addi- 
tional frequencies, which therefore be- 
comes available to the operator, the aeriaft 
element being of the order of a quarter 
wave in length at frequency /. The pre- 
15 sent invention therefore aims at the pro- 
vision of an efficient antenna free from 
the abovementioned defects, being sensi- 
tive compact and highly flexible in, terms 
of operating frequency. 
20 It can be shown that if a half wave 
unfolded element suitable for frequency / 
is folded back at each end, so as to form 
a narrow loop or rectangle of length 
approaching half the length of the un- 
25 folded wire, and of a suitable chosen 
width or average width which is small 
in comparison with its length, it can be- 
voltage-fed at its intuxned ends, and will 
have a fundamental resonant frequency 
30 not appreciably different from that of the 
unfolded wire" In this condition the total 
peripheral length of the conductor still 
functions as a half wave element. It 
should be noted that the resonant fre- 
35 quency is dependent upon both the total 
length of the element and the width of 
the loop into which the element is folded, 
the width when small being the more 
critical dimension. For a given total 
40 length of the element an increase of such 
width lowers the resonant frequency; by 
providing for variation of width the 
resonant frequency may be controlled and 
adjusted within limits. Since an aerial 
45 element as described above has in com- 
parison with the unfoilded wire increased 
inductance (provided the width of the 
loop is not too small), and reduced 
capacity, the Q of the aerial is increased 
50 and the T adiation resistance at the current 
antinode is reduced, loss at resonance 
being lowered in comparison with otner 
methods of length compression, owing to 
the presence on the aerial of this current 
55 maximum. The high current poyfaon of 
the aerial onerates relatively undisturbed 
in its effect as only the minor end-currents 
of the element are folded back and there- 
fore cancelled. By choice of width and 
60 hence of resonant frequency the attenua- 
tion of the aerial when operated at / in 
comparison with the unfolded element 
can be minimised for an aerial of such 
small dimensions. Under preferred con- 
G5 ditions said resonant frequency will be 



the same as, or a fraction less than /, de- 
pending upon whether or not the loop has 
ii gap at its mid-point. 

An element folded into an elongated 
loop as described above will also reson- 70 
ate at a frequency substantially double 
the nbovementioned fundamental fre- 
quency. In this condition the element 
behaves substan tiall y in the manner of 
the familiar faldeTTdipole m which each 76" 
of the two longer sides of the loop func- 
tions as a half wave clement, the two? 
sides operating mutually in phase, and it 
can be shown that when operating under 
such conditions the width of the loop is 8U 
not an unduly critical factor in determin- 
ing the resonant frequency 2/. Thus by 
suitable selection of the width or the 
average width the element can be 
arranged to resonate at its fundamental So 
frequency and at least twice that fre- 
quency, the loss in each case being 
approximately 2 to 3 db and 0 db 
respectively. 

If the fundamental frequency of a 90 
folded element such as described above is 
identified as / kcs./sec , it can be shown 
that if such an aerial is properly energised 
at a frequency increasing from / to 2/ 
kcs./sec. loss will decrease from approxi- 95 
mateily 2 to 8 db to zero. It can also be 
shown that a folded element such as de- 
scribed above can be arranged to operate 
at any frequency between / and 3/ kcs./ 
sec, "due consideration being given to 100 
the connecting means and the transmitter- 
coupling or -connecting circuit proper re- 
quirements for feediug energy into the 
element as will be discussed more fully 
below. 105 

It has further been noted that if an 
aerial element in the form of an elong- 
ated loop is open-circuited^ at a point 
opposite to the feed point, it will operate 
satisfactorily, within the limits of toler- 110 
able loss, subject to consideration of the 
connecting means and the coupling or 
connecting circuit, above-mentioned, at 
the fundamental frequency of / kcs./sec. 
and at any frequency between 3/ and 5/ 1 15 
kcs./sec. "provided "side-lobe Tadiation 
occurring- at frequencies higheT than 
4/ kcs./sec. can be regarded as unim- 
portant. 

From the above considerations it wilfl) 120 
be seen that by providing switch means 
at the gap of an open-circuited element 
as last described above, whereby the gap 
can be closed or opened at the will of 
an operator, the element can be arranged 125 
to operate, within the tolerable limits of 
loss, at any frequency between its funda- 
mental frequency / kcs./sec. and five 
times that vailue, 5/ kcs./sec. It can be 
shown that signal gain occurs when the 130 



-system operates between 2/ and' of kcs./ 
sec. 

It was stated that frequencies below 
/ can be handled with greater losses than 
J those quoted and it will therefore be~ 
understood that the operative frequency 
ranges obtainable are not restricted to 
those described, but may be determined 
having- regard to thp> maximum loss that 
- 10-ca-n-be-tol era-ted- within— the— frequency- 
li-mits selected. The ranges previously 
quoted are therefore given only by way of 
example, and represent those frequencies 
at which the greatest aerial sensitivity is 

15 secured. Thus the frequency range offered 
by an unbroken loop may be extended to 
about 3.5/ before loss exceeds the 3 deci- 
bel limit, but if frequency is reduced 
down to 0.5/, for example, the loss rises 

20 heyond this figure to some 7 to 9- decibels. 
Similarly a loop with mid-point gap, 
normally operating at / and with signal 
gain between 5/ and 3/, may bfej used 
down to nearly 2.5/ before loss exceeds 3 

25 decibels. Frequencies higher than 5/ 
yield multi-Iobular patterns when hori- 
zontal polarisation is employed and are 
therefore of less interest. 

Antenna? of various forms, as will: here- 

30 inafter appear, designed in accordance 
with the principles set out above, may be 
employed. 

In carrying the invention into effect in 
one convenient manner and referring to 

35 Figure 1 of the accompanying drawings, 
an aerial system may comprise an element 
1 of wire or tube or other; conductor with' 
its ends turned inwardly to form a. narrow 
rectangle of length nearly a quarter-wave 

40 at the fundamental frequency. The total 
unfolded loop length L of the element 
may be selected for an air-spaced loop in 
accordance with the fundamental fre- 
quency of the aerial desired, from the 

45 approximate formula 

478 



where L is measured in feet, and / is the 
frequency in mega-cycles per second. The 
tips of the inturned ends of the element 

50 approach one another closely and consti- 
tute the feed point 2 of the aerial. The 
spacing or sm alder dimension 3 of the 
loop or rectangle (which has substantial 
influence on the resonant frequency tend- 

55 ing to lower the frequency when in- 
creased), is preferably determined experi- 
mentally. In some cases this loop width 
or spacing may be, for a rectangular loop, 
of the order of one fiftieth of the total 

60 loop length for resonance at /, the fre- 
quency at' which the unfolded wire func- 



tions as a half wave element. Experif- 
mental choice is usually desirable since 
the exact spacing dimension or average 
dimension under all conditions is in- 65 
flueneed by. a number of factors: chiefly, 
the loop shape if other than rectangular, 
the length to diameter ratio of the ele- 
ment conductors, the dielectric constant 
of the material (if other than air) en- 70 

~^om-passe6^by-t-he-loop— aud-whether-the- 

element is a closed or open circuit. For 
a self-supporting element having thick 
conductors a larger spacing will thus be 
needed than if thin wires are employed. 75 

A loop shaped element of the afore- 
mentioned character may be supported at 
a suitable level above the ground with its 
longer dmiension either vertical or hori- 
zontal, according to the polarisation of 80 
tne signals to be transmitted and /or re- 
ceived, and in the latter case with th* 
loop in either a horizontal or a vertical 
plane. The inturned ends forming the 
feed point of the element are linked with 85 
transmitter and /or receiver 7 by parallel- 
lead or coaxial transmission line 4 and 
unit 6 which contains a circuit and means 
for coupling the circuit to the transmitter 
and /or receiver and also an adapting cir- 90 
cuit (which together with the transmis- 
sion line 4 forms the connecting means) 
whereby the impedance presented to the 
circuit may be rendered substantially 
purely resistive at the operating fre- 95 
quency or frequencies. If convenient, the 
transmission line may be omitted and the 
connecting means may take the form of 
an adapting circuit alone. 

In a modified form of the invention the 100 
aerial element and its associated match- 
ing units and connecting means are sub- 
stantially as described above except that 
at the mid-point of the central portion of 
the element there is provided a gap 5 105 
electrically separating the element into 
two halves. An example of this modified 
forin of the invention is shown in Figure 
2. At frequency / kcs. /sec. the element 
shown m Figure 1 is voltage fed, while 110 
that in Figure 2 is current fed. Fre- 
quencies other than / kcs. /sec. may be 
employed when using the forms of tliR 
invention shown in Figure 1 or 2. 

If desired switch means 8 may be pro- 115 
vided in the aerial gap 5 (see Figure a) 
allowing an operator at will to open or 
close the gap, as will be described more 
fully below. The other arrangements of 
the system Temain unchanged. ^20 

The embodiments of the invention 
shown in Figure 2 and 3 are normally 
provided with a unit 6 as described, in 
connection with Figure 1. If desired the 
simple aerial elements shown in these 125 
figures may be replaced by other forms of 
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aerial element described or illustrated 
herein. The tuned transmission line 
represented by detail 4 may comprise, for 
example, a balanced open-wire tuned line 

6 formed of polythene-covered conductors, 
preferably. erected in strained suspension 
.to - minimise the number of spreaders 
required. For systems intended for opera- 
„tian^t^o^y^gkJreauencies the ^cop^— 

10 necting means may be constituted en- 
tirely by means of a f eeder of .adjustable 
length thereby enabling' unit 6 to be 
simplified with corresponding reduction 

: - of losses. 

15 It will be noted that the form of the 
invention shown in Figure 1 will operate 
at any frequency between / and 3/ kcs./ 
see. When horizontally polarised the form 
shown in Figure 1 provides bilobular 

20 radiation at all operating frequencies, 
while in the forms shown in Figures 2 
and 3 minor side-lobes usually appear at 
operating frequencies between if and 
of lies. /sec, the nature and extent of 

25 same depending upon the aerial loop 
shape employed. 

Figure 13 shows an arrangement of for 
example three separate connecting means 
each of which has a matching stub 4(a) 

3b arranged to render the impedance pre- 
sented to a matched transmission line 
(and consequently to the coupling or con- 
necting circuit) by a tuned line 4(b) sub- 
stantially purely resistive at a predeter- 

35 mined spot frequency. Switch means 9 
enables the required spot frequency to be 
selected as required. A second switch 
means would permit one feeder to be used 
instead of three between the matching 
40 arrangements and the transmitter or 
receiver. 

Figures 4, 5 and 41 and 42 show in 
greater detail various alternative features 
of devices suitable for use in connection 
45 -with unit 6. 

By suitably adjusting the circuit and 
adapting "means of unit 6 any desired fre- 
quency within the full operational range 
" obtainable therefrom can be selected or 
50 the system tuned over the range in a con- 
tinuous • manner. 

One form of radio aerial system pro- 
vided by-the invention is shown in Figure 
4 and comprises variable condensers 10, 
55 11 (preferably ganged together* in the 
feeder lines, leading to opposite ends of 
a network comprising a variable con- 
denser 12 in parallel with a coil 13 which 
- may be earthed at its mid-point. A coup- 
60 li^M* co *l 14 is connected to the transmitter 
and/or receiver. If desired line-balanc- 
ing meters 15, 16 may be incorporated in 
the feeder lines, but these are not essen- 
tial.* This simple basic circuit is suitable 
65 for tuning to frequencies in the vicinity 



of those at which the aerial and its con- 
nections 4 are in combination resonant. 

Any known means of coupling, in place 
of coil 14, may be employed in this and 
all other tuning means described, coil 14 70 
being merely an indication that the main 
inductance 13 is coupled or connected to 
cugnal-translating means. 

Where an aerial system such as de- 

scribed above is required to have a greater 7o 
power-handling capacity, this may be im- 
proved by increasing the thickness of the 
conductor forming the aerial element, 
thereby reducing the larger values of the 
aerial feed point impedance, as frequency 80 
is varied. 

Figure 5 represents a more flexible unit 
than the network shown in Pigure 4, the 
condensers 10, 11 ? 12 being connected to 
'the coil 13 by adjustable contacts, and 85 
the coil being provided at each end with 
adjustable contact leads 17, 18, or cor- 
responding taps or links, whereby soino 
turns may be short circuited. 

To facilitate or permit tuning at fre- 90 
quencies wTiere the feeder impedance 
seen in the direction of the aerial element 
has an appreciable reactive component, it 
ma j- be convenient to connect an induct- 
ance in series with each feeder lead or 95 
between condensers 10 and 11, said in- 
ductive and/or capacitatiye elements 10, 
11 being* selected according to require- 
ments. "Alternatively, as disclosed in 
Figure 41 capacitance 36 and /or 39 may 100 
be connected between the feeders in place 
of the series-connected condensers 10 and 
11, inductances 37 end 38 being in, series 
with the feeder leads. Tt may also be 
convenienx to insert capacitance in series 105 
with inductance connected between the 
f eeders, in the manner of elements 41 and 
13 of Figure 42. 

Figure 41 illustrates a tuning unit com- 
prising a main inductance 13, having 110 
connected to its extremities a capacitance 
39, across which latter is in turn con- 
nected a chain formed by two inductances 
37 and 38 joined in series by a further 
capacitance 36, energy "being conveyed 115 
between said main inductance and signal 
translating means by a winding 14. 
Unless," as shown in Figure 5 and 
described above, connections to a feeder 
network are taken from points of . the 120 
main inductance of this circuit, the 
feeder leads may be attached directly to 
the terminals shown, i.e. across capa- 
citance 36. In the latter arrangement a 
network formed by inductances 37 and 38 125 
and capacitance -36 connects to points of 
said main inductance, which is tuned by 
capacitance 39. Alternatively and with 
similar feeder connection, the said network 
may be rnken to include capacitance 39, 130 
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thus forming- a pi network or low pass 
filter connected to the extremities of an 
untuned coupling inductance 13. 

In Figure 42 energy is con- 

5 yeyed as aforesaid by a wind- 
ing 14 associated with a main induct- 
ance 13, there "being- connected at the 
centre of said main inductance a capa- 
citance 41, and to the outer extremities 

10— of-t-h enaiai-n--i^dueta-nce-a-capa<5itarice~40: - 
Connections to a feeder network may he 
taken, as aforesaid, from points of the 
main inductance, as shown in Figure 5. 
If the condenser 41 is not of the 3- plate, 

16 split stator or series gap type, enabling 
its central point or rotor to be earthed, if 
desired, the inductance 13 is preferably 
balanced symmetrically with respect to 
earth by other means. Capacitance 41 can 

20 be used to series-tune the main induct^ 
ance, whether or not the parallel con- 
denser 40 is selected or employed for 
parallel tuning same. 
In any of zke described arrangements 

£5 of circuit and connecting means, any 
inductance or tuning unit, or the com- 
plete matching unit, may be interchange^ 
able with a like unit, each unit being 
designed for use over a specified portion of 

30 the full frequency range for which, the 
aerial system is- operable. 

Any of the forms of the invention 
described may be further modified by 
folding the conductor or conductors of the 

35 aerial element to form loops of stapes 
other than rectangular. Examples of 
difEerent shapes which may be employed 
are illustrated in Figures 6 to 12. Thus 
for example the turns at the ends of the 

40 Joop may be semi-circular (Figure 7) or 
sharp-turned " points " (Figure 8), or 
the element may be shaped" as an. elon- 
gated triangle (Figures 9 and 10) elon- 
gated double-triangle (Figure 11) or 

46 elongated diamond (Figure 12) with its 
feed points usually at an apes. Some 
such variations of shape are moTe con- 
venient, or may be assumed, if it is 
desired to increase the spacing of the 

60 centre of the loop, a process which, can be 
utilised in -certain circumstances to widen 
the frequency range of the aerial by 
extending its low frequency limit, for a 
given loss level. Increased end portions, 

55 as shown in Figures 34 to 36 may be 
desirable for improving end-fire radiation 
sensitivity at certain frequencies. 

In any of these forms of antenna ele- 
ment a gap, with or without switch* 

6Q means, may be provided at the mid-point 
of the element, as previously described. 
The central spacing of the upper and 
lower limbs of the element is preferably 
determined experimentally for tne desired 

65 fundamental resonant frequency or over- 



all frequency performance of the loop. 

When tubing is used for the element it 
may be convenient (e.g. in order to save 
space and render the aerial compact) for 
the leads from the feed point of the ele- 70 
ment to pass through apertures in the end 
or ends, side or sides of one or more parts 
of the tube and extend through the 
interior or part thereof, being insulated 
—from — the — element— where — appropriater-76: 
Examples of such arrangements, more 
especially suitable for vertically polarised 
aerials, are shown in Figures 14 to 17. 

According to u further feature of the 
invention an aerial system of any of the g0 
above described kinds may be combined 
with reflector means and/or with one or 
more non-resonant, driven or parasitically 
excited elements in the form of director 
and /or reflector elements, to provide 85 
directional sensitivity. 

One example of a fixed aerial element 
array having variable directional sensi- 
tivity for multi-directional operation is 
shown in Figures 1<S to 20. This has hi- 90 
directional sensitivity in any opposing 
pair of eight directions according to the 
method of connection employed and com- 
prises two folded elements lo, lb (each of 
which may be of form similar to that 95. 
shown in any of Figures 1 ta 4 or 6 to 12 
or 34 to 39) arranged for horizontal 
polarisation and preferably mounted in 
vertical planes at right angiles to one. 
another. A box 1*7 centrally of both ele- 100 
memts may house two separate switches 
actuated, when desired, through the lead 
or leads 18. The elements are separate 
from one another and have no junction in 
the box 17, each element connecting to one 105 
of said switches as shown and. having ai 
gap switch as at 8, Figure 3. When the 
elements are not of the switched variety, 
being, for example, as shown in Figures 
1 and 2, the box 17 will serve merely as HO 
an insulating and positioning device for 
the wires of the two elements. Itef erring to 
Figure 19 which shows the array in plan 
view it will be seen that element AB alone 
has NE — SW sensitivity, element CD 115 
alone has WW — SE sensitivity, while 
simultaneous operation of both elements 
with suitable phasing arrangements of 
the signals therein will provide 1ST— "S or 
E— W working. Such phasing is a matter 120 
of inter-feeding connection only and does 
not necessarily involve the introduction 
of extra lengths of feeder to produce 
delay effects. 

A form of selector feed switch which 125 
may be employed with a four-wire feeder 
to facilitate control of the directional 
sensitivity of the array is indicated in 
Figure 20, comprising an insulated rotor 
arm 19. of which opposite end contacts 130 
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ride against arcuate metal contacts sepa- 
rately connected to the- aerial leads shown 
as a, h, c and d in Fibres IS and 20. The 
end - contacts of the rotor arm are con- 
5 neeted to the remainder of the system by 
a two- wire feeder 4 shown arrowed, and 
it wild be seen that rotation of the. arm 19 
allows the leads 4 to be connected to 
—eithei^or^hoth-jBleni ents in various ways. 

10 For example, in the switch, position illus- 
trated, the leads are respectively con- 
nected to b and c on one side, and to a and 
d .on the other side, both elements thus be- 
ing: simultaneously connected across the 

15 *aid leads. Consideration of the relative 
phasing of the. currents in the two ele- 
ments will show that E — TV sensitivity is 
provided. 

If desired a goniometer arrangement of 

20. the tuning circuits may be employed in 
place of the switch ineans shown in 
Figure 20. 

Examples of bi-directional aerial 
arrays embodying the invention are 

25 shown in Figures 21 and 22. Figure 2-1 is 
a side elevational view of two aerial ele- 
ments such as shown in Figure 3, with 
longer dimensions horizontal or vertical, 
connected in phase in the broadside 

30. manner. Figure 22 shows in perspective 
two like elements mounted in parallel 
vertical planes. This array can also be 
oriented to become vertically polarised. 
The two elements can be fed" 180° out of 

35 phase (as illustrated in Figure 22 ) to pro- 
vide end-fire M operation of the array. 
Tlrus two or more elements may be 
arranged in co-linear, broadside or end- 
ure arrays, or any combination of such* 

40 arrangements may be employed. Further 
any such arrangement may have com- 
bined therewith reflector means, and/ or 
reflector and /or director elements operat- 
ing in any known manner, e.g. driven, 

45 non-resonant, or parasitically excited. 

An example of an aerial incorporating 
a specular reflector is shown in Figures 23 
and 24, illustrating an aerial element 
such as shown in Figure 3 associated with 

50 a corner reflector 20, in the form of a V- 
shaped metallic sheet, grid or netting. 
The radiation resistance of the aerial ele- 
ment is influenced by the spacing S of the 
element from the reflector, and this spac- 

55 ing is therefore preferably variable, e.g. 
by mounting the element at the end of 
tubular feeders of variable length extend- 
ing through an aperture in the reflector. 
These feeders may, if desired, be prp- 

t)0 vided with calibrated markings to indi- 
cate spacing* to be set in terms of radia- 
tion frequency in use, or alternatively a 
calibrated slicing control device niay be 
provided. 

65 The reflector is preferably of meshed 



grid or fishbone construction, or of gauze, 
to reduce wind resistance, and the corner 
angle of the reflector may be adjustable in 
addition to, or alternatively to, variable 
spacing >S of the element therefrom. If 70 
desired the aerial element 1 may have 
associated therewith one or more para- 
sitic elements, as described herein. 

Aerial arrays embodying the inv ention 
may comprise a driven element simiTarT~7o~ 
for example, to any shown in Figures 1 to 
4 or 0 to 12 associated with parasitic ele- 
ments of like construction. Each para- 
sitic element is connected to switch con- 
trolled stub systems or other circuits 80 
designed to provide current distribution 
similar to that in the driven element at 
any one or more selected frequencies or 
frequency band e.g. Figure 25. The phase 
relationships for the desired parasitic 86 
action are secured by suitable adjustment 
of the individual stubs or circuits. The 
element spaciugs may be of any desired 
"values according to requirements. 

One example of a parasitic array 90 
according to the invention is shown in 
Figure 25 and 20. Figure 25 shows a para- 
sitic element with stub relay switches for 
selected frequencies of operation, while 
Figure 20 shows an array of two such 95 
parasitic elements in association with a 
driven element, all set in vertical planes. 
The elements are supported upon a 
common boom which «i1so carries the stub 
relays and accommodates light tubular jqq 
stubs folded therebetween as shown. Cir- 
cuits incorporating adjustable lumped 
react ants may be used in place of or in 
partial replacement of the stubs, i.e. to 
give the phase . relationships for the 105 
desired parasitic action, and the looped 
aerial elements" may., if desired, be set in 
a horizontal plane rather than in vertical 
planes. 

The various elements may be arranged jjq 
to operate in different manners at 
different frequencies or ranges of fre- 
quency for which the array is to be used. 

In all arrays envisaged suitable means 
are preferably taken to render the relays, 115 
circuit arrangements and connections 
proof against deterioration from weather 
and other effects. 

In a further feature of the invention 
applicable to arrangements herein de- J20 
scribed each antenna element (or one or 
more of them, where a plurality are 
employed in combination) , instead of be- 
ing comprised of one loop, may be con- 
structed from a plurality of loops and/ or 125 
folded formations, pref erably parallel to 
one another and suitably spaced apart, 
thus providing, in each element so 
treated, a multi-wire aerial. Such multi- 
wire construction covers various types 130 
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and formations, "both closed and open- 
ended, suitable for continuously variable; 
and spot frequency working- respectively. 
Aerial elements in which the elongated 
5 loops tire twisted into two or more turns 
or transposed loops may also be employed 
in accordance with the "invention: 

Examples of such multi-wire construe- 
frions-are-rttusti^ 

10 herewith. showing in perspective 
expanded views of various multi-folded 
aerial elements whicb may be 5 used in the 
invention. Any of these forms of elements 
may, if desired, be used at frequency f j 

15 but 11 closed " multi-wire loops (of the 
Figure 29 or 30 type) may* also be 
employed at any other frequency up to 3/ 
as required. If desired switches may be 
incorporated in a multi-wire element (e.g. 

20 a» shown in any of Figures 27 to 32) to 
allow it to be modified, by switching, to a 
different form of element. Thus, for 
example, in Figures 29 and 30 switches 
may be arranged to provide a gap at the 

26 mid-point of each of the folded Hoops (as 
previously described for a single loop ele- 
ment) to permit operation over a larger 
frequency range. Since suitably arranged 
multi^wire construction is well known to 

30 give modified feed -point impedance and 
improved bandwidth to a conventional 
unfolded dipole, it will be clear to those 
versed in the art that the main advantage 
of these elements lies in providing cora- 

35 pact wide-band aerials for use in accord- 
ance with the invention with non-resonant 
feeders at frequency /. 

Further, in any arrangement described 
the elements and for conductor leads may 

40 b& of uniform diameters throughout their 
length, or may differ in diameter from 
one another and/or vary in diameter 
along their length.. Like variations of; 
overall cross-section in element and/or 

46 conductor arrangements not having a cir- 
cular " cross-section mav similarly be 
employed. 

A manner in which the aerial element 
may be associated with a parabolic 
.60 reflector is shown in Figure 33. The ele- 
ment is preferably located at or near the 
focal distance S from the reflector which 
is preferably' not greater, than half the 
radius R. of the mouth of the reflector, and 
65 preferably equal to or greater than 

where A is the wavelength of the funda- 
mental Tesonant frequency of the 
assembly. The aerial may comprise a 
simple driven element or may incorporate 
60 parasitic elements (as above described) or 
a hemispherical reflector shield. 

The aerials of the invention are suit- 
able for short-wave reception over a wide 
frequency band. Suitable simple arrange- 
65 ment* being shown in Figures 1 to 3. For 
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ease of operation unit 6 should be located 
conveniently near to the receiver. Alter- 
native shapes of aerial element which 
may be used in accordance with the 
invention, are shown in Figures 34, 35 70 
and 36, the elements of Figures 34 and 
35 being shown, in side view, in a vertical 
plane, and that in Figure 36 being shown. 
m perspective, in a horizontal plane. 
Other available constructions of the 75 
aerial element are shown in Figures 37 
and 38. where the element is of twisted or 
crossed form to conserve space and /or to 
strengthen the aerial. In Figure 39 is 
illustrated yet another form of element 80 
which may be employed where installa- 
tion requirements limit the maximum 
span of aerial which may be set up. 

According to a further f eature of the 
invention any of the types of aerial above 85 
described may be rendered more compact; 
(and suitable where only limited space is 
available to accommodate it) by turning 
down or in, or by twisting, winding or 
multiple folding of the span-end portions 90 
of the loop or of each loop thereof. 
Examples of the manner in which thet end 
portions of an element may be thus 
formed are illustrated in Figure 40 (a), 
(h) } (c) and (d). Such windinjr twisting or 95 
folding is preferably effected as nbn- 
reactively as possible. 

In any of the arrangements above 
described the lowest operational resonant 
frequency of the antenna element may be 100 
reduced by loading or tuning the loop 
element itself, e.g. by fixed or variable 
capacity which may be permanently in 
circuit, or switchable into and out of cir- 
cuit as desired, or short-circuited by 105 
switch means. Examples of simple capa- 
ciiative loading which may 'be empTbved 
are illustrated in Figures 43 and 44. 
Alternatively, and independent of the 
tuning unit circuits, suitable lumped cir- 110 
cuits may be employed in place of such 
simple capacitance, whereby said loading 
or tuning may be designed to take effect 
at certain frequencies without causing 
undue detriment to the performance of 115 
the aerial at others. 

Any convenient type of feeding? line 
may be employed in any of the aerial 
arrangements described. For example, in 
some cases ribbon or webbed type feeders, 120 
or conductors separated' or mutually sup^ 
ported in webbed or partially webbed 
manner, are suitable for the construction 
of the aerial loop or loops and/or f eeding 
purposes. 1J?6 

The lumped inductances used are pre- 
ferably variable by any suitable means, 
e.g. being of plug-in type, or switched, 
or progressively shorted or selected (see 
Figure ok Any of the tuning arrange- 130 
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ments described (or modifications thereof ) 
may be coupled (e.g. "by variable links or 
lappings, to n transformer, autotrans- 
foraier, line or other device matching the 
5 impedance of or suiting the equipment 
to \rhieh it is connected. m 

It will be appreciated that besides any 

canvem«Lt^on»—*#-^ 

any convenient form of lumped capa- 
LO citance may be used in the various cir- 
cuits disclosed herein. For example split 
stator, 3 plate qr series gap condensers 
may be used in place of the ordinary capa- 
citors shown in the drawings. 
15 Any of the aerial element aiTangements 
described above may, if desired, be suit-* 
ablv mounted for rotation about a vertical 
axis in order to take" advantage of direc- 
tional characteristics to transmit or 
20 receive signals at maximum strength to 
or from any desired direction and to 
reduce or exclude signals to or from other 
directions. . - . 

It should be understood that the mven- 
25 Hon is not restricted solely to the con- 
structional details of the various forms 
described above since modifications there- 
of niav be introduced as they become 
desiraole in order to carry the invention 
30 into effect under different conditions and 
requirements encountered.. without 
departing- in any way from the scope of 
the invention. 

What I eJaim is: — 
35 1. A radio aerial system comprising a; 
length or lengths of conductor folded to 
form an aerial! element comprising- at 
least one elongated loop., a circuit pro- 
vided with means for couplings connect- 
40 ing said circuit to a signal translating 
device and connecting means for connect- 
ing said aerial element to said circuit, 
said connecting means being adapted to 
render the impedance, presented to said 
45 circuit from the direction of said aerial 
element, substantially purely resistive 
when the aerial element carries standing- 
wave currents of frequency substantially 
less than the frequency 2/, where 2/ is 
50 the frequencv at which the said aerial 
element behaves as a half -wave folded- 
dipole. 

2. A radio aerial system according to 
claim 1 in which said connecting means 

55 is adapted to render said impedance sub- 
stantiallv purely resistive at one fre- 
quencv substantially less than frequency 
2/ anil at one or more additional fre- 
quencies some or adl of which may be less 

60 than or greater than the said one fre- 
quency. 

3. A radio aerial system according to 
claim 2 in which at least one of said addi- 
tioual frequencies lie within the range of 

65 from 0.-5/ to 3/. 



4 A radio aerial system according to 
claim 1 in which said connecting means 
is adapted to render said impedance sub- 
stantially purely resistive at or near fre- 
quency / and in which a gap is provided ~ 0 
in the" aerial element substantially oppo- 
site the position at which said connecting 
-mea-ns-joins-said-aerial element. 

5 A radio aerial system according to 
claim 4 in which said connecting means is 75 
adapted to render said impedance sub- 
stantially purely resistive at or near fre- 
uuenev / and at one or more frequencies 
lvinff within the range of from 3/ to of. 

* R A radio aerial system according to g0 
anv one of the preceding claims ; m which 
a switched gap is provided in the aerial 
element substantially opposite the posi- 
tion at which said connecting means 301ns 
said aerial element. 85 

7 A radio aerial system according to 
any one of the preceding claims m which 
said circuit comprises an inductance. 

S A radio aerial system according to 
claim 7 in which said inductance is pro- 9Q 
vided with a- pick-up coil for the coupling 
thereof to the signal translating device. 

9 A radio aerial system according to 
either of claims 7 or 3 in which the cir- 
cuit comprises an inductance having a ft6 
capacitance in. parallel with at least a 
part thereof . ... , 

10 A radio aerial system according to 
anv one of claims 7 to 9 in which the cir- 
cuit comnrises a pair of inductances con- Q 
netted together by an intervening capa- 
citance. , j • x 

11. A radio aerial system according to 
anv one of claims 7 to 10 in which the 
said circuit comprises an inductance and 1Q5 
a capacitance, at least one of which is 
variable, connected together m parallel 
and two additional inductances, one pair 
of ends of which is connected to the 
termials to the said capacitance and tne J10 
other i»air of ends of which is intercon- 
nected by means of a further capacitance 
which is variable. 

12. A Tadio aerial system according to 
anv one of the preceding claims in which u6 
said connecting means contains one or 
more lumped reactance components. 

13. A radio aerial system according to 
anv one of claims 7 to 11 in which said 
connecting means comprises a transmis- jjjq 
sion line at least one of the component 
conductors of which is connected via a 
lumped reactance to a point on the said 
inductance. 

14. A radio aerial system according to 12 5 
claim 13 in which the said point is vari- 
able in position on the said inductance. 

15. A radio aerial system according to 
any one of the preceding claims in which 
*aid connecting means comprises a trans- 130 
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mission line, the component conductors of 
which, are interconnected bv one or more 
lumped reactances. 

16. A radio aerial system according- to 
any one of the preceding* claims in which 
said connecting means comprises a plur- 
ality of reactance networks and switching 
means adapted to connect a selected react- 

- an&g-network-wh en-r equireth 

17. A radio aerial system according to 



any one of the preceding claims in which 
said connecting means comprises a react- 
ance network containing at least one 
variable reactance component whereby 
lo the frequency at .which said impedance is 
rendered substantially purely resistive 
may be varied continuously over a, ran ff © 
of frequencies. * & 

18. A radio aerial system according to 
20 any one of claims 1 to 11 in which said 

connecting means comprises a transmis- 
SK ?g a wlliQh is varia ole in- length 

19. A radio aerial system according to 
any one of. claims 1 to 11 in which laid 

25 connecting means comprises a reactance 
component in the form of a short circuited 
length of transmission line. 

plnHi 4™*°! ? e t' ia:1 . s 7 stem wording to 
claim 19 m which said connecting means 
30 comprises a plurality of short circuited 
transmission lines and switch selecting 
means therefor. 

21. A radio aerial system according- to 
any one of claims 1 to 11, W or 20 in 
35 winch the connecting means comprises a 
tuned transmission line and the circuit 
sTonTine & nontare3onailt transmit 

22 ' /-radio aerial system according to 
40 ^ 7 °* the Preceding claims having a 
plurality of elongated loop aerial ele- 
ments assembled and operable in coon- 
oq f + ° V Tovide directional sensitivity. 
~o\ A radio aerial system as claimed in 



claim 22 comprising two elongated loops 45 
mounted mutually crossed, operable 
separately and /or in combination. 

24. A radio aerial system according to 
any one of claims 1 to 22 in which -at 
J east one aerial element is provided with a 50 
reflector and /or a director. 

25.. A rad io aerial system according fo 

anr olieT of-fhe precedin^Ia"ims~in^V7fiicli 

at- J east one aerial element is in the form 
of an elongated loop having more than 55 
2 conductors running substantially con- 
tinuously between its extremities. 

26. A radio aerial system according to 
claim 25 in which said at least one aerial 
element is in the form of two elongated 60 
loops having corresponding gaps on one 
pair of sides which are connected together 
and in which on the other pair of sides, 
loops placed side by side said elongated 
one loop only is provided with aj feed 65 
point while the other is continuous. 

2-7. A radio aerial system according to 
any of the preceding claims wherein the 
conductors) of one or more of the at least 
one elongated loop(s) forming the aerial 70 
element is /are attached to, or embedded 
in, or mutually supported or separated! 
by, insulating material which extends 
partially or wholly across or throughout 
the area and space encompjassed by or 75 
separating said loop or loops or which, 
relative to said conductors lies or is 
formed substantially in the manner or 
manners .adopted in ribbon or webbed 
feeder construction. 80 

28. A radio aerial system substanti- 
ally us hereinbefore described with 
reference to the accompanying drawings. 

STEYEFS, LAMiJVTETi, PARRY & : 
ROLLINS02T, 
Chartered Patent Agents, 
Agents for the Applicant. 
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